ABSTRACT. Three strains of infectious hematopoietic necrosis virus (IHNV) were compared for their pathogenicity to alevin rainbow trout Oncorhynchus n~ykiss by waterborne exposure of the trout to approximately equal concentrations of each virus strain The Idaho strain of IHNV (Type 2) was the most virulent and induced a 62 % mortality over a 10 d period at water temperatures of 10°C. In contrast, strains of IHNV from Oregon (Type 1) and California (Type 3) caused only 4 and 6 % mortality, respectively, among rainbow trout infected under the same conditions. Histopathological signs of infection (hematopoietic necrosis) were first detected 3 to 4 d following exposure to virus. In trout exposed to the Idaho strain of IHNV, lesions were severe and progressive. The Oregon and California strains of the virus induced similar changes in the kidney, spleen, and pancreas but these were less severe, and by 8 to 10 d following exposure had resolved in most of the fish. These results showed the Type 2 strain to be the most pathogenic for rainbow trout.
INTRODUCTION
Infectious hematopoietic necrosis virus (IHNV) is a rhabdovirus of economic importance a s a pathogen of salmon and trout. Once confined to the Pacific Northwest of North America, the virus is now enzootic in Japan and it has also been observed in the eastern United States (Wolf 1988) , Taiwan (Chen et al. 1985) , and recently in Italy (Bovo et al. 1987) and France (Hattenberger-Baudouy & de k n k e l i n 1988). This virus is responsible for substantial yearly losses of young fish at hatcheries in North America (Busch 1983 , Groberg & Flyer 1983 .
Infectious hematopoietic necrosis (IHN) is primarily a disease of sockeye (kokanee) Oncorhynchus nerka and chinook 0. tshawytscha salmon and rainbow (steelhead) trout 0. rnykiss. Initial comparisons of virus isolants obtained from naturally-infected sockeye and chinook salmon and from rainbow trout showed the isolants had similar morphology and induced identical Addressee for correspondence signs of disease in the above 3 hosts (Amend & Chambers 1970) . Microscopic signs of disease in infected fish are characterized by necrosis of the hematopoietic tissues in the kidney and spleen, and necrosis of endocrine and exocrine pancreas (Amend et al. 1969) . Signs of the disease in chinook salmon are similar to those in infected sockeye salmon and rainbow trout, and the virus is cytotropic for, but not confined to, hematopoietic tissue (Yasutake et al. 1965) .
In their review of the literature, Pilcher & Fryer (1980) concluded that virus isolants from sockeye and chinook salmon and rainbow trout may exhibit different degrees of virulence. Initial attempts a t distinguishing strains of IHNV by serological studies showed some differences, but failed to identify distinct serotypes (McCain et al. 1971) . Recent studies have shown differences in the molecular weights of virion structural proteins (Leong et al. 1981) and have allowed the separation of 71 isolants into 5 types (Hsu et al. 1986 ). Winton et al. (1988) used 3 monoclonal antibodies and were able to separate 12 IHNV isolants into 4 groups. In this study the virulence and pathogenesis of 3 of the most commonly encountered strains (Types 1, 2 and 3) of IHNV are compared in rainbow trout.
MATERIALS AND METHODS
Cell lines. The fish cell-lines used for the isolation, propagation, and identification of the virus isolants were the CHSE-214 line (ATCC CRL 1681) from chinook salmon (Lannan et al. 1984 ) and the EPC line from common carp Cyprinus carpio (Fijan et al. 1983 ). Both lines were grown in Eagle's minimum essential medium (MEM, GIBCO Laboratories, Grand Island, NY, USA) supplemented with fetal bovine serum (I;BS, Hyrlnne Laboratories. Ogden, UT, USA) to 10% (MEM-lO), L-glutamine to 10 mM, penicillin to 50 IU ml-', streptomycin to 50 pg ml-l, and buffered with 7.5 O/ O sodium bicarbonate or 0.15 mM Hepes (all from GIBCO). For routine cell propagation, the CHSE-214 line was incubated at 20°C and the EPC line at 25 "C.
Viruses. Viruses used in this study included a 1983 isolant of IHNV from steelhead trout at Round Butte Hatchery (Deschutes River, OR, USA), a 1983 isolant from rainbow trout at the Aquaculture Research Center (Hagerman Valley, ID, USA), and a 1984 isolant obtained from chinook salmon at Trinity River Hatchery (Trinity River, CA, USA). The viruses obtained from rainbow and steelhead trout were from mortalities that occurred during epizootics. The virus from chinook was from a carrier adult, but the same strain has been associated with epizootics in juvenile chinook at the Trinity River Hatchery (Hsu et al. 1986 ). All of the viruses were isolated and identified by standard methods (Amos 1985) . Each isolant was passed 2 additional tlmes in CHSE-214 cells at 16°C in IMEM-5 to prepare stocks for artificial infections and electrophoretic comparisons. They were then stored a.t -70°C.
To determine the electropherotype of the Oregon, Idaho, and California IHNV isolants, electrophoretic patterns of the structural polypeptides were compared. Virus purification was performed as described by Leong et al. (1981) . Sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE) conditions were similar to those of Lammeli (1970) . Punfied virus was mixed 1 : l in 2 x concentrated sample buffer (120 mM tris base, 4 "/o w/v SDS, l 0 % w/v 2-mercaptoethanol, 20 % v/v glycerol, and 3 mM bromophenol blue), and placed in a boiling water bath for 1 to 2 min. Polypeptides were separated by electrophoresis using a 12 '10 separating gel and a 4.5 % stacking gel, for 6 to 7 h at 12 mA. Standard molecular weight marker proteins (Bio-Rad Laboratories, a c h m o n d , CA, USA) were prepared as described by the manufacturer and included phosphorylase b (94 OOO), bovine serum albumin (68 OOO), ovalbumin (43 OOO), carbonic anhydrase (30 OOO), soybean trypsin inhibitor (21 OOO), and lysozyme (14 000). After electrophoresis, the polypeptides were stained using silver nitrate as described by Merril et al. (1981) . A Type 1 IHNV from kokanee salmon (Metolius k v e r , OR, USA) previously described by Hsu et al. (1986) , was also used in the electrophoretic comparison.
Experimental fish. Rainbow trout, 2.8 g mean weight and 6 to 8 mo old, were provided by Mt Lassen Trout Farms (Red Bluff, CA, USA). Fish were held at the University of California, Davis, Fish Disease Laboratory, in 10°C fish-pathogen-free well water where all experiments were conducted. Fish were fed a dry pelleted diet (Silver Cup, Murray, UT, USA) twice daily.
Artificial infections. Viral infections were induced in rainbow trout by exposing fish to between 105.5 and 106.0 plaque forming units (PFU) ml-' of each of the 3 strains in replicate aquaria containing 2 1 of well water. Fifty fish were placed in each aquaria containing virus and into 2 control aquaria containing cell-culture fluid without virus. After a 12 h exposure with aeration at 10°C, the water flow was resumed at a rate of approximately 0.2 1 min-l.
Histology. Five fish were removed on each of 10 consecutive days beginning immediately following exposure from one replicate of each virus-exposed group and one mock-infected (control) group. Fish were euthanized, their abdomens opened and placed in Bouin's solution for approximately 25 d. Midline saggital sections from paraffin-embedded whole fish were stained with hematoxylin and eosin (H & E) using standard histological methods (Humason 1979) .
Detection of virus after artificial infection. The second replicate of each virus-exposed group and mockinfected control was monitored for mortality. Dead fish were removed daily, weighed, and examined for virus by standard methods (Amos 1985) . Virus concentrations used in fish exposures or isolated from dead fish were determined by plaque assay procedures similar to those described by Burke & Mulcahy (1980) using EPC cells incubated at 15°C for 10 d.
RESULTS

Viral proteins
Electrophoretic profiles of the 3 vlrus isolants used to infect fish showed differences in the structural proteins (Fig. 1) . Comparison of the relatlve mobilities of the nucleocapsid (N-)protein indicated that the 3 isolants were different for this vlrion polypeptide. The molecular weight of the N-protein was the smallest for both Oregon isolants (Lanes 2 and 5), greater for the Idaho isolant (Lane 3) and greatest for the California isolant (Lane 4). Based on these N-protein size determinations and consistent with the typing scheme proposed by Hsu et al. (1986) , both Oregon isolants were Type 1 IHNV, the Idaho isolant a Type 2, and the California isolant a Type 3.
Histological comparison
Control fish
Tissues from fish examined at 1, 7 and 10 d postexposure showed no marked changes although slight depletions of hematopoietic tissue from the anterior a n d posterior kidney were detected. The spleen, liver, pancreas, skin, heart, and gills had no detectable pathological changes.
Fish infected with Oregon isolant
Necrotic cells in the hematopoietic tissue of the anterior and posterior kidney were observed in 1/5 fish on Days 3 and 4. The extent of necrosis increased in the kidney and spleen in 3/5 fish by Days 5 and 6. There was a severe multifocal to diffuse necrosis in 4/5 fish on Day 7. Pancreatic necrosis in 1/5 fish was also observed on Day 7 but the liver and pancreas of all fish were not severely affected. On Days 8 to 10, there was resolution of the lesions, and only isolated necrotic cells occurred in most fish. On Day 10, 1/5 fish had severe necrosis of the kidney, spleen, and ventricle of the heart.
Fish infected with Idaho isolant
There were no changes detected until 4 d postexposure. Isolated necrotic cells were present in the hematopoietic tissue of the anterior and posterior kidney in 2/5 fish. There was multifocal necrosis of renal hematopoietic tissue in 5/5 fish on Day 5. By Day 6, there was diffuse necrosis with hemorrhages in the anterior ( Fig. 2A, B) and posterior kidney. The posterior kidney also had tubular changes including degeneration of the tubular epithelium (Fig. 2C, D) . The spleen showed similar pathology including loss of ellipsoids (Fig. 2E, F ) in 3/5 fish, and there was also multifocal necrosis in the pancreas of 1/5 fish. Multifocal hepatic necrosis with hepatocytes exhibiting margination of chromatin and the thickened nuclear membranes (Fig.  3A, B) occurred in 1/5 fish on Day 7. There was also a diffuse and moderate to severe necrosis of the hematopoietic cells in the anterior and posterior kidneys and spleens of all fish on Day ?. The pancreas of 3/5 flsh also showed similar necrotic changes including degeneration and necrosis of the exocrine and endocrine tissues on Day 7 (Fig. 3C, D) . Necrosis became progressively more severe on Days 8 to 10 in the anterior and posterior kidney and pancreas. Edema was also evident in these fish.
Fish infected with California isolant
The first significant changes were observed on Day 5 and consisted of random necrotic cells in the hematopoietic tissue of the anterior kidney in 1/5 fish and mild necrosis in the pancreas of 2/5 fish. On Day 6, 4/5 fish had moderate necrosis of the hematopoietic tissues of the anterior and posterior kidney and spleen. There was also hepatic necrosis in 1/5 fish. By Day 7. the extent ot necrosis decreased and 2/5 fish had a moderate necrosis of the hematopoietic cells of the kidney and spleen. On Days 8 to 10, residual small areas of necrosis surrounded by macrophages containing necrotic debris were common. By Day 10, few necrotic cells were found and all lesions were resolved in the 5 fish examined.
Detection of virus after artificial infection
Cumulative percent mortality 10 d post-exposure was 4 (?/SO) 62 !31/50); and 6 O/O !3/50) in rainbow trout infected with the Oregon, Idaho, and California isolants of IHNV, respectively. When the experiment was terminated (21 d), mortality was 14, 86, and 14 % for the Oregon, Idaho, and California IHNV isolants, respectively (Table 1) . Virus was isolated from all dead fish and virus concentrations in 16 randomly selected dead fish ranged from 1 0~.~ to lo6.' PFU g-l viscera.
DISCUSSION
Previous studies have shown that IHNV is cytotropic for hematopoietic tissue of the kidney but the spleen, liver, pancreas, and granular cells of the stomach may also exhibit degenerative changes (Wood & Yasutake 1956 ). Yasutake & Amend (1972) described the histopathogenesis of IHN in sockeye salmon artificially infected with one isolant of IHNV. The present study compared the histopathogenesis of 3 electropherotypes of IHNV in rainbow trout and correlated histological changes with virus-induced mortality.
Microscopic pathology induced by the Oregon and California isolants, Types 1 and 3 IHNV strains, appeared the same but was less severe and involved La Patra et a1 : Compara P ltive pathogenesis of IHNV 111 P sons of IHNV isolants using monoclonal antibodies directed against the glycoprotein (G) tended to group isolants more by geographic location rather than virulence (Winton et al. 1988) . For other rhabdoviruses such as rabies, it has been shown with G-specific monoclonal antibodies that pathogenicity is dependent on the presence of an antigenic determinant on the Gprotein (Dietzschold et al. 1983 ). This study demonstrates a correlation between virulence and electrophoretic mobility of the N-protein of different IHNV isolants. Possibly, the use of monoclonal antibodies directed against the N-protein of different electropherotypes of IHNV would allow serological separation of IHNV isolants that correlated more with virulence. These monoclonals might also provide a means to identify factors involved in the regulation of IHNV pathogenicity.
